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Abstract  
Wire electrical discharge machining (WEDM) technology is extensively used in the field of medical, mould making, aerospace and 
automobile industries. Improper electrical parameters settings can affect the processing efficiency and surface roughness due to arcing 
phenomenon that lead by discharge point of focus. Objective of the paper is to uncover the influence of three different machine rates 
which are 2 mm/min, 4 mm/min and 6 mm/min with constant current (6A)  with WEDM of Titanium Ti-6Al-4V. The effects of different 
process parameters on the kerf width, material removal rate, surface roughness and surface topography are also discussed. The best 
combination of machining parameter viz. machine feed rate (4 mm/min), wire speed (8 m/min), wire tension (1.4kg) and voltage (60V) 
were identified. The paper highlights the importance of process parameters and different machining conditions on kerf width, MRR, 
surface roughness (Ra) and surface topography. 
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1. Introduction 
Wire electrical discharge machining (WEDM) is broadly used in machining of materials when precision is of major factor. 
WEDM is an ideal means for manufacturing such tooling because its ability to cut any conductive material regardless of 
hardness. The productivity of fabricating micro tools can be increased with the use of WEDM technology where more 
intricate tool geometries can be created with high quality. Material is eroded by series of discrete sparks between the work 
piece and a tool electrode (small wire) immersed in a liquid dielectric medium (deionized water). These electrical discharges 
melt and vaporize diminutive amounts of the work material, which are then ejected and flushed away by the dielectric. 
Since, the work piece and the electrode do not have mechanical contact, conductive material regardless of their hardness and 
toughness can be machined by WEDM [1]. It consume a continuously travelling wire electrode made of thin brass, copper 
or coated wire of diameter 0.05–0.3mm [2] which is capable to achieve very small corner radii and competency to machine 
precise, complex and irregular shape with high degree of accuracy and fine surface finish. 
As a result of the large number process variables and complex stochastic process mechanisms, selection of optimum 
machining parameter combinations for obtaining higher accuracy is a challenging task in WEDM. Some researchers, [1,3,4] 
investigated on the various aspects of the developments of electric discharge machining research which is optimizing the 
process variables, improving the performance measures, simplifying the electrode design and manufacture, monitoring and 
control of sparking process and surface quality improvement of WEDM process and so on.  Qu et al. [5, 6] developed the 
cylindrical WEDM process and investigation of surface integrity and mechanical property of EDM surface layer. Onward, 
effects of the key parameters namely wire feed rate, pulse on-time and part rotational speed on the surface roughness and 
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roundness explored. They also proved that better material removal rate (MRR) could be achieved in cylindrical WEDM than 
in 2D wire EDM.   
In the aerospace and automotive industries, Titanium Ti-6Al-4V has great interest because of their high strength to weight 
ratios [7]. Into the bargain, the vulnerability of titanium to work harden during machining impairs their machinability hence 
they are referred to as difficult-to-machine materials [8] due to these alloys are not ductile and have low fracture toughness 
at room temperature [9]. The paper focused on the importance of kerf width, MRR, surface roughness (Ra) and surface 
topography and their strong dependence on the input parameters carried out on Titanium Ti-6Al-4V. Experiments were 
conducted by varying the machine feed rate with constant current, the corresponding values of the surface roughness and 
material removal rate are measured.  
2. Materials and Method 
2.1. Workpiece material  
Titanium Ti-6Al-4V has enormous importance in the aerospace industries. It reduces aircraft weight since the excellent 
strength-to-weight ratio and causes a reduction in fuel consumption and emissions. Titanium is replacing aluminium in 
many applications [10]. Besides the optimal features of titanium alloys, the usage is limited by the high costs, which arise 
because of the complex procurement process of titanium and processing difficulties such as poor machinability [11]. 
Titanium alloys are among the hardest materials to cut because of poor thermal conductivity, strength at high temperatures 
and chemical reactivity with tool materials [12]. This study applied Titanium Ti-6Al-4V work piece since only a few 
researchers have done the studies regarding this material using WEDM. 
2.2. Wire Electrode 
Brass wire is widely used in WEDM processes due to its good machining properties and can be die-casted or extruded 
for specialized application. Some researchers [13, 14] used brass wire as the electrode of WEDM owing to its high tensile 
strength, high electrical conductivity, and good wire drawability to close tolerances. The ideal wire electrode material for 
this process has three important criteria i.e high electrical conductivity, sufficient mechanical strength and optimum sparks 
and flushes characteristics. 
2.3. Dielectric  
Work pieces that are totally submerged in a tank filled with dielectric fluid grants temperature stabilization and efficient 
flushing especially when the work piece has varying thickness in WEDM process [1]. WEDM used deionised water instead 
of hydrocarbon oil as the dielectric fluid due to its low viscosity and rapid cooling rate [15]. 
2.4. WEDM Parameter Setting 
A challenging task in WEDM is selection of optimum machining parameter combinations for obtaining higher accuracy 
large number due to process variables and complicated process mechanisms. The experiment were performed at three 
different machine feed rate with constant current, wire speed, wire tension and voltage as shown in Table 1.  The selection 
of factors was based on the journals, preliminary result and the suggestion from the handbook recommended by the machine 
manufacturer.  
 
Table 1. WEDM Parameter Setting 
Parameter Experiment I Experiment II Experiment III 
Machine Feed Rate (mm/min) 2 4 6 
Current (A) 6 6 6 
Wire Speed (m/min) 8 8 8 
Wire Tension (kg) 1.4 1.4 1.4 
Voltage (Volts) 60 60 60 
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2.5. Sample Preparation and Experimental Procedure 
All specimens were cleaned in an alcohol bath using Mini Ultrasonic Cleaner model MUC-100 and then dried using 
Beuhler Metaserv Specimen Dryer in blower mode. After that, the specimens were kept in Buehler Specimen Cabinet 
Storage to prevent the formation of oxide on the surface. Titanium Ti-6Al-4V workpieces are cut into the desired size using 
Wirecut EDM Mitsubishi FX Series Machine in the presence of dielectric fluid (deionized water) with addition of anti rust 
agent liquid to reduce the surface rust.  
                                                               
 
The kerf is measured using the Infinite Focus Alicona Machine as the sum of the wire diameter and twice wire–
workpiece gap. The kerf value was expressed in three different spot and each spot will give ten readings, the average of 
these reading will be taken as kerf width. The material removal rate (MRR) will be calculated using equation (1) this 
equation has been used by this researcher [15]. 
  
                                   MRR = F × Dw × H  (1) 
 
Where F is the machine feed rate [mm/min], Dw is wire diameter [mm] and H is piecework thickness [mm] and MRR is 
material removal rate [mm3 /min]. After machining, surface roughness was measured using an Infinite Focus Alicona 
Machine on each piece work three times for achieving more accuracy and, subsequently, the average of it was selected 
(Figure 1). Stereo Zoom Microscope is used to see the macrostructure of machined surface (topography view). The results 
obtained will be represented in graphs and figures subsequently will be discussed. 
 
 
Fig. 1. Measurement of kerf width and surface roughness 
 
 
3. Results and Analysis 
3.1. Kerf Width 
Figure 2 shows that as the machine feed rate increases, the kerf widh decreases.  Experiment with lower feed rate gives 
bigger width. K. P. Somashekar et al. [16] does not recommend the usage of high feed rate since it caused higher 
inaccuracies in the kerf width. Nihat Tosun et al. [17] proved that open circuit voltage and pulse duration were highly 
effective parameters on both the kerf and the MRR. It was found that open circuit voltage was about three times more 
important than the second ranking factor (pulse duration) for controlling the kerf. 
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Fig. 2. Result on kerf width at different machine feed rate 
 
3.2. Material Removal Rate (MRR) 
It was found that with the increasing of machine feed rate, the MRR will increases simultaneously as shown in Figure 3. 
This result shows the same pattern with K. P. Somashekar et al. [16]. From the examination of the contour plot, it is noticed 
that MRR increases with increase in feed rate. Theoretically, material erosion is influenced by the spark energy. As feed rate 
increase; MRR also increases till it reaches optimum.  The MRR decreased with the decreasing of machine feed rate. The 
results from Nihat Tosun et al. [17] verified that open circuit voltage was about three times more important than the open 
circuit voltage for controlling the MRR was about six times more important than the second ranking factor (pulse duration). 
MRR were found as open circuit voltage and pulse duration, whereas wire speed and dielectric flushing pressure were less 
effective factors. 
 
 
Fig. 3. Result on material removal rate at different machine feed rate 
 
 
3.3. Surface Roughness (Ra) 
Surface roughness (Ra) is an element in measuring surface quality. It is one of the important factor in machining because 
it can predict the performance. Figure 4 enlightens that smoother surface can be obtained with low setting of machine feed 
rate. P.S. Rao et. al. [15] mentioned that, wire tension and spark gap voltage are observed as significant parameters in 
obtaining better surface finish. This is due to the increase of wire tension that reduces its vibration and improves the surface 
quality of the machined part. The increase of voltage means that the electric field becomes stronger and the spark discharge 
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takes place more easily under the same gap and a coarse surface is always obtained. Suleiman Abdulkareem et al. [18] 
proved that wet WEDM can be used to improved surface roughness of titanium (Ti-6Al-4V) workpiece. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Result on surface roughness at different machine feed rate 
 
 
3.4. Surface Topography 
Due to complicated machining process, machined surface topography can have complex and irregular condition. Figure 
5 shows the surface topography of each experiment with 50× magnification using microscope. Amorim FL and  
Weingaertner WL [19] found that the fractal dimension of the multi-process is greater than the one of the single process, 
and the surface profile should be more complex and finer. They also define that roughness average (Ra) reflects the height 
information of the surface microscopic structure, and fractal dimension mainly shows the complex degree of surface 
topography, which reflects combined effect of surface spacing and the height and is independent of height characteristic and 
measurement scale. 
2 mm/min 4 mm/min 6 mm/min 
   
Fig. 5. Illustration of topography view at different machine feed rate 
 
 
 
 
Conclusion 
 
In this paper, an effort was made to determine the important machining parameters for the performance of WEDM viz.  
kerf width, MRR and SR. The main goal is to find the best combination of machining parameters as known the cost and 
quality of WEDM which depends heavily on the process parameters. Machine feed rate have been proven to play an 
important role in this experimental work. Since the low kerf and the high MRR are equally important goals in WEDM, 
equal machine feed rate are recommended. 
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